Abstract. The aim of this study was to determine the distribution of magnesium, calcium, sodium and potassium in tissues of the hip joint and to look for any correlations between these minerals.The study was performed using hip joint samples taken from people living in the Upper Silesian Industrial Region in Poland. Ninety one subjects, 66 women and 25 men, were included in this study. The samples were obtained intra-operatively during hip joint replacement procedures. The concentrations of magnesium, calcium, sodium and potassium were measured by atomic absorption spectrophotometry (AAS). Our results showed that these minerals are most abundant in the cancellous bone of the hip joint. They were found next more abundantly in the cortical bone and the cancellous bone from the intertrochanteric area. Levels of magnesium, potassium and calcium were lower in articular cartilage compared with other parts of the hip joint; however, sodium levels were at their highest in this tissue. The lowest levels of these minerals were found in the articular capsule. Those patients with fractures of the femoral neck had lower levels of magnesium, potassium, and calcium, but higher levels of sodium compared with the group with degenerative changes. We can also confirm that in the population studied, calcium levels in cancellous bone of the head of the femur decreased with age.
Osseous tissue has three basic functions in organisms: mechanical, protective and metabolic. Its metabolic role involves maintaining ion homeostasis, as the bone constitutes a pool of metal ions that can be freely exchanged [1] [2] [3] . The human skeleton contains 99% of the total amount of calcium found in the organism [4, 5] , and it is this mineral component of bone that confers the appropriate physical features, i.e. hardness and resistance [6] .
The highest levels of magnesium in human tissue are also found in bones. Around 50% of the total magnesium content is stored in our skeleton, and around 40% in muscles and soft tissues [7] [8] [9] [10] [11] . Magnesium stimulates osteoblast mitosis and its lack causes a decrease in the number of these cells [12] [13] [14] . The aim of this study was to determine the concentrations of magnesium, calcium, sodium, potassium in tissues of the hip joint of patients with fractures of the neck of the femur or degeneration of the hip joint.
Materials and methods
The study was performed on tissue samples collected from hip joints obtained intra-operatively doi:10.1684/mrh.2013.0348 during total hip replacement in the Community Hospital in SiemianowiceŚląskie, Upper-Silesian Industrial Area (Poland). Hip joint prostheses were implanted consecutive to fracture of the neck of the femur in our patients. In total, samples from 91 patients (66 females and 25 males) were collected. The average age of our patients was 65.7 years (67.3 years for women and 61.4 for men).
Two groups were subdivided within the population studied, depending on the reason for which hip replacement was conducted. One group consisted of patients with fractures of the femoral neck and the second group constituted those with degenerative changes of the hip joint. The group with degenerative changes was considerably larger, 84 subjects (63 women and 21 men) versus seven subjects with fractures (three women and four men). When divided into four age groups: up to 59, 60-69, 70-79, and 80 years or older, the numbers in these groups were respectively: 24, 27, 36 and 4.
In most cases, the indication for surgery was primary hip osteoarthritis. The study was approved by the local Ethics Committee (decision no. NN-6501-160/I/06 issued on November 21st, 2006).
Further analyses were conducted on the following samples:
(ii) Anterolateral part of the joint capsule, which was routinely excised in order to open the hip joint during surgery. (iii) A box-shaped fragment of cancellous bone from the intertrochanteric area (this fragment was routinely chiselled out from the femoral bone in order to create a starting point for preparation of the proximal femur before implantation of the prosthetic stem.
The femoral heads were debrided of residual soft tissues. Fragments of joint capsule, the ligament of the head of the femur, and femoral neck (especially the medial calcar) were removed with various instruments, such as the Liston bone cutting forceps, the Luer bone rongeur and a bone curette. During the next stage, a bone curette and the Luer rongeur were used to remove articular cartilage and then the subchondral bone until a rounded "core" was obtained made of the cancellous bone only. In some patients, the cartilage was absent or scarce due to progression of osteoarthritis. The subchondral layer of bone had various widths: from virtually non-existent to a fraction of a millimetre to a few millimetres of eburnated bone in advanced coxarthrosis. The remaining part of the femoral head consisted mostly of the cancellous bone, sometimes with heterogeneous microarchitecture, with areas of osteosclerosis and geodes filled with a fibrous connective tissue.
The samples were placed in polyethylene bags, labelled and stored at -20 ± 1
• C. Laboratory equipment used for the chemical analysis of samples was thoroughly cleaned with 20% HNO 3 (V) (Merck, Darmstadt, Germany) and double distilled water, and finally dried in a hermetic dryer. The samples were initially dried at a temperature of 100 ± 2
• C and then incinerated at a temperature of 420 ± 2
• C in a hermetic muffle oven. Bone samples were burned to ash in a muffle furnace in porcelain crucibles. The ashing process was conducted in two stages; the first, at a temperature of 100
• C for about 12 h, and then secondly at a temperature of 420
• C for 12 h. A known mass of ash was solubilized with 2 mL of 65% Suprapure HNO 3 (V) (Merck, Darmstadt, Germany). The resulting solution was transferred into a 25 mL volumetric flask and filled up to the 25 mL mark with double-distilled water. The samples in which the concentration exceeded the limit of determination were diluted at a ratio of 1:10.
The samples were examined in the Department of Toxicology, Medical University of Silesia and in a certified laboratory of the Department of Environmental Monitoring of the Central Mining Institute (site number AB 145 in the registry of Polish Centre of Accreditation). Concentrations of magnesium, calcium, sodium and potassium were measured with a Pye Unicam SP-9 acetyleneoxygen flame, atomic absorption spectrometer (AAS) (Philips ASS, Cambridge, UK). The wavelengths were 285.2 nm for magnesium, 422.7 nm for calcium, 589.0 nm for sodium and 766.5 nm for potassium. The detection thresholds stated by the manufacturer of the spectrometer were: 0.003 mg/L magnesium, 0.080 mg/L calcium, 0.005 mg/L sodium and 0.011 mg/L potassium.
The statistical analysis of the data collected was performed with Statistica PL v. 9.1 software (StatSoft Polska, Cracow, Poland). The between-groups statistical analysis was performed using the U Mann-Whitney nonparametric test. The correlation between mineral concentrations was assessed using Spearman's; p<0.05 was considered significant.
Results and discussion
The highest levels of magnesium were observed in cancellous bone (3.04 mg/g), then in articular cartilage, the cortical bone and the fragment of cortical bone from the intertrochanteric area respectively, whereas the lowest level was found in the articular capsule (0.32 mg/g). In the case of potassium levels, these were as follows: the highest level was found in the cancellous bone (5.65 mg/g), then in the articular cartilage, the articular capsule, and in a part of the cancellous bone from the intertrochanteric area; the lowest level was found in the cortical bone (1.81 mg/g). The highest sodium content of the hip joint was found in the articular cartilage (10.56 mg/g), then in the cancellous bone, the cortical bone, and the articular capsule; the lowest was found in the cancellous bone from the intertrochanteric area (4.79 mg/g). Cancellous bone showed the highest levels of calcium (127.48 mg/g), then the cortical bone, in a part of the cancellous bone from the intertrochanteric area, and the articular cartilage; the lowest levels were found in the articular capsule (4.57 mg/g) (table 1). Among the minerals studied, calcium was characterised by the largest coefficient of variation of 100%, then magnesium at around 90%, potassium at approximately 80%, whereas the smallest coefficient was for sodium -around 50%.Comparing the concentrations of minerals between the groups of women and men, statistically significant differences were only found for potassium (U Mann-Whitney test, p<0.05). The average magnesium, calcium, sodium and potassium levels in the hip joints men and women are shown in figure 1 .
A comparison between the group of patients with degenerative changes, and those patients with fractures, statistically significant differences were observed as regards magnesium and potassium levels, whereas there were no statistically significant differences seen for sodium and calcium levels in these two groups (table 2) . On comparing levels of calcium, magnesium, sodium, and potassium in the hip joint of people with fractures with those of people with degenerative changes, magnesium, potassium and calcium are present at lower levels in the former group of patients. Magnesium levels were around 40% lower, potassium more than 70% lower, and calcium around 56% lower in hip fracture patients compared to patients with degenerative changes. It could be assumed that one causes of femoral neck fractures is the reduced content of the aforementioned minerals, however sodium levels in people with fractures was higher by around 11%. It is possible to suppose that sodium levels have little direct effect on osseous tissue.
On the basis of our results, we can confirm that it was the cancellous bone tissue of the hip joint that showed the largest accumulation of the minerals under study. Cancellous bone is the most metabolically active type of osseous tissue and this has been described in numerous publications [3, [15] [16] [17] [18] . Next in order was cortical bone tissue, then cancellous bone from the intertrochanteric area. In the articular cartilage tissue, the magnesium, potassium, and calcium content was smaller compared with other areas of the hip joint, however, the highest levels of sodium were found in this tissue. The tissue with the lowest ability to accumulate these minerals was the articular capsule. This might be explained by the fact that the articular capsule consists largely of connective tissue, which does not have as great a capacity for accumulating metals as the osseous tissue. Moreover, the actual composition of the tissue that goes to build the joint capsule differs from the composition of the osseous tissue. Calcium levels in the articular capsule are around 97% lower than those found in cancellous bone. There were no statistically significant differences between men and women when comparing levels of these minerals. The authors then analysed changes in magnesium, sodium, potassium and calcium levels as a function of age. Cancellous bone was chosen for the comparison. Each of the minerals presented a different profile as regards changes in levels as a function of age. In the case of calcium, levels decreased from 149 to 101 mg/g as a function age. This change confirms the information that osseous tissue decreases with age, as does the calcium content [1, 3] . The remaining three minerals changed in different ways; magnesium levels were lowest in the group of 59 year-olds, and highest in the group of 80+ year-olds. These results do not confirm the notion that magnesium levels decreases with age. The lowest levels of potassium were seen in the group of 59 year-olds, and the highest in the group of 60-69 year-olds. Sodium levels were at their highest in the youngest group (figure 2) Analysing the correlation between the minerals within particular areas of the hip joint, we can report the following observations: -There was a correlation between magnesium, calcium and potassium in all regions of the hip joint, the highest correlation coefficients being for cancellous bone (0.77 and 0.71), whereas the lowest were for the articular capsule, -in cancellous bone, there was a correlation between calcium and potassium (r = 0.78), in the articular cartilage, and in the part of the cancellous bone from the intertrochanteric area; this correlation was also noticed for the articular capsule, although there was a smaller r value. -a negative correlation for sodium and potassium in cortical bone (table 3).
In the ribs of Japanese people, the average levels of these same minerals were respectively, 5.18 mg/g for sodium, 246 mg/g for calcium, 2.85 mg/g for magnesium, and 47.9 g/g for potassium [18] . When comparing these with our results, sodium and magnesium levels were similar, whereas our potassium levels were much lower and the calcium content much higher. The results obtained are very similar to those of Kuo et al. [3] , where the calcium content in the femoral bone was 11% and 12%.
The results obtained in Poland by Wiechuła et al. [19] showed the calcium content of the femoral bone to be 17%, whereas in our studies it was 7%. The same study showed a level of magnesium of 1.7 mg/g; our own research revealed a level of magnesium of 1.8 mg/g. We found the potassium content in the femoral bone to be 4.4 mg/g, whereas the result for this element in the study by Wiechuła et al. [19] was 0.7 mg/g.
Conclusion
The highest levels of magnesium, potassium and calcium were found in the cancellous bone, whereas the articular cartilage showed the highest levels of sodium. The articular capsule was the part of the hip joint which was characterised by the lowest levels of the four minerals investigated.
The patients with fractures of the femoral neck had lower levels of magnesium, potassium, and calcium, but higher levels of sodium compared with those patients with degenerative changes. It was confirmed that in the population studied, the calcium content of the cancellous bone of the head of femur decreases with age.
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